Abstract: Circadian rhythms of body temperature, heart rate, and locomotor activity were observed in the unanesthetized and unrestrained Syrian hamsters, Djungarian hamsters and Chinese hamsters, and the differences in these biological characters among the three species of hamster were investigated. In each species, body temperature, heart rate, and locomotor activity in the dark period were higher than those in the light period. Heart rate of Chinese hamsters was higher than that of the others in both the light and dark periods. In addition, it was found that the body temperature of Djungarian hamsters decreased rapidly one time a day. These results show species differences in body temperature, heart rate and locomotor activity of Syrian, Djungarian and Chinese hamsters. Key words: body temperature, circadian rhythms, hamsters, heart rate, locomotion breeding conditions, light, temperature, and humidity. It is significant to understand the vital rhythm of animals for reproduction, experimental design and correct judgment of obtained data. Therefore, we investigated the circadian rhythms of body temperature, heart rate, and locomotor activity in Syrian hamsters, Djungarian hamsters, and Chinese hamsters.
breeding conditions, light, temperature, and humidity. It is significant to understand the vital rhythm of animals for reproduction, experimental design and correct judgment of obtained data. Therefore, we investigated the circadian rhythms of body temperature, heart rate, and locomotor activity in Syrian hamsters, Djungarian hamsters, and Chinese hamsters.
Five male Syrian hamsters (Mesocricetus auratus) and Djungarian hamsters (Phodopus sungarus) that had been raised in the authors' laboratory, and Chinese hamsters (Cricetulus griseus) obtained from Animal Research Center, Tokyo Medical University were used at 12-15 weeks of age. The body weights of Syrian, Djungarian and Chinese hamsters used in this study were 106.7
In laboratory animal science, hamsters have some important characteristics as laboratory animals. For the example, the Syrian hamster is used in the research of rabies [1] , encephalitis [8] , distemper [4, 5] , and cancer [18] ; and the Chinese hamster is used in the research of diabetes [7, 9, 10] , parasitic infection [15] [16] [17] , cancer [21] and cell genetics [20, 28] . The Djungarian hamster is not widely used as a laboratory animal, but this is expected to change as it has recently been used in the research of cancer [19, 22, 23] and rhythms related to the estrous cycle [27] , REM sleep [6] , and leptin gene expression [14] . The physiological functions and behavior are generally regulated by periodical patterns affected by native circadian rhythm and (mean) ± 2.6 (S.D.) g, 32.4 ± 1.8 g and 28.3 ± 2.6 g, respectively. Each hamster was housed in a plastic cage (210D × 370W × 150H mm), kept in an animal room with controlled temperature (24 ± 2°C), humidity (55 ± 10%), and a 12:12-h light: dark cycle, with lights on at 07:00. Food (MB-1; produced by Funabashi Farm Co., Ltd., Chiba, Japan) and tap water were always available.
Each hamster was subjected to surgery. A small telemetric transmitter (Model; TAETA-F20, DATA Science Co. Ltd, Minnesota, USA) for body temperature, heart rate (ECG) and locomotor activity was implanted into each animal, as described by Ishii et al. (1996) [13] and Saito et al. (2001) [26] . Briefly, the transmitter was implanted in the dorsal area of the neck subcutaneously under anaesthesia: pentobarbital sodium, 40 mg/ kg, i.p. for Syrian hamsters and Djungarian hamsters, while isoflurane introduced at 3.0% and maintained at 2.5-1.5% was used for Chinese hamsters because it is difficult to maintain the life of Chinese hamsters. Then wire electrodes were placed under the skin of the thorax (chest bipolar ECG lead). The animals were used from 7 days after surgery and monitored for 10 days.
The ECG signals were received by a signal-receiving board (RA1610, Data Science Co. Ltd, Minnesota, USA) and recorded by an ECG processor (Softron, Tokyo, Japan) as 4-s waveforms measured consecutively. The heart rate was automatically calculated by the ECG processor. Body temperature was recorded as subcutaneous temperature. Locomotor activity was measured continuously, and recorded on a personal computer (PC-9800/VM, NEC, Tokyo, Japan). Each category of data was measured for one minute consecutively, and the personal computer averaged the data every 10 min.
Each periodgram of the three species of hamster was calculated according to the method of an earlier study [3] .
Results are expressed as mean ± S.D. for each category. Statistical analysis based on Mann-Whitney U test was performed for comparisons among the three species of hamster and a paired t-test was performed for comparisons between the light and dark periods. P<0.05 was considered significant.
Means of light and dark period for 10 days: The patterns of body temperature, heart rate, and locomotor activity in each three species of hamster are shown in Fig. 1 . These patterns showed high during the dark periods and low during the light periods.
The mean values of body temperature during the light and dark periods for 10 days in each hamster are shown in Fig. 2 (a) . In the three species of hamster, the mean body temperature in the dark period was significantly higher than that in the light period (P<0.05), but there were no significant differences among the three species. However, it was observed that body temperature decreased rapidly one time a day in Djungarian hamsters (shown by arrows in Fig. 1 ).
The mean values of heart rate during the light and dark periods for 10 days in each hamster are shown in Fig. 2 (b) . In the three species of hamster, the mean heart rate in the dark period was significantly higher than that in the light period (P<0.05). In addition, the heart rate of Chinese hamsters was higher than that of other species in both the light and dark periods (P<0.05).
The mean values of locomotor activity during the light and dark periods for 10 days in each species of hamster are shown in Fig. 2 (c) . In the three species of hamster, the mean locomotor activity in the dark period was significantly higher than that in the light period (P<0.05), but there were no differences among the three species.
Periodgram analysis: It was shown by periodgram analysis that the periodic cycles of each category (body temperature, heart rate and locomotor activity) in each species of hamster were about 24 h (Table 1 ). There were no differences among the three species in the periodic cycles of body temperature, heart rate, and locomotor activity.
It was shown in this study that body temperature, heart rate, and locomotor activity in three species of hamster was high during the dark period and low during the light period. The heart rate of the Chinese hamster was the highest of the three species, but there were no significant differences of body temperature and locomotor activity among the three species. It was reported that the heat production by brown adipose tissue is positively related to heart rate [2] . So, these results suggest the heat production of both Syrian and Djungarian hamsters is more efficient than that of the Chinese hamster. In addition, we found a profoundly interesting phenomenon, that the body temperature decreased rapidly in Djungarian hamsters in this study. In small mammals, the torpor to reduce their daily energy expenditure can be induced by food restriction and cold exposure [12, 29] . But, Djungarian hamsters display torpor spontaneously without any acute shortage of energy supplies and spontaneously reduce their daily energy expenses up to 70% [24, 25] . In addition, a previous study on heat production and heat loss in Djungarian hamsters indicated that down-regulation of the metabolic rate is of primary significance for the initiation of daily torpor and that they become hypoth- ermic as a consequence of heat production deficit [11] . This finding has not been reported in Syrian and Chinese hamsters and from the results shown in this study and previous references, it suggests that Djungarian hamsters have a specific metabolism, which showed a circadian rhythm in this study. The vital rhythms of Djungarian hamsters are profoundly interesting and worthy of further research.
